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Recently, the advancement of multilevel inverters (MLI) has been a crucial 
factor in high power and medium voltage applications. This MLI has multiple 
topologies and has been used in a variety of applications. Cascaded MLI is 
preferred over other forms of multilevel inverter topologies. Nonetheless, 
significant obstacles are encountered when implementing these topologies. 
They necessitate an increased number of switches, DC sources, capacitors, 
and diodes. Increased losses and total harmonic distortion (THD) will be 
present in the system. In addition, the MLI is more expensive. The better 
construction of a multilevel inverter results in more output levels with fewer 
switches, sources, and driver circuits, as well as low THD. A new single-phase 
cascaded asymmetrical DC voltage sources based multilevel inverter design 
and the selective harmonic elimination (SHE) approach are used to attain 
these goals. After confirming in MATLAB/Simulink, the hardware 
implementation of the multilevel inverter in 21 levels was completed in this 
article. 
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1. INTRODUCTION 

The three-level converter [1] sparked the growth of the multilevel inverter. High-power industries 
have recently expressed a strong interest in multilevel inverters (MLI) [2], [3], [4]. In the absence of 
transformers or switches connected in series, large voltages with low harmonics can be produced through the 
careful arrangement of different voltage sources [5]. The three major multilevel inverter assemblies available 
in applications in industries with different DC sources are: i) diode clamped; ii) flying capacitor; and iii) 
cascaded H-bridge inverter [1], [6], [7]. The first topology was the series H-bridge design, however for the 
same topology, various other arrangements have been accomplished in [8], [9] and [2], [4] and [8]-[11]. 
Because the power conversion cells are arranged in series, measurements of the output voltage and power 
levels are simple. This design's obvious drawback is the substantial number of different voltage sources needed 
to supply each cell. The diode-clamped converter used the H-bridge architecture but added a series capacitor 
bank [12]. The capacitor-clamped switching cells in the flying capacitor multilevel architecture are connected 
in series [13]-[16]. When compared to the diode-clamped inverter, this architecture has several distinguishing 
and eye-catching characteristics. One benefit is the lack of a need for extra clamping diodes. Since the flying 
capacitor inverter provides switching redundancy inside the phase that may be used to balance the flying 
capacitors, just one DC supply is necessary as well. Another multilevel approach parallels the inverter phases 
using interphase reactors [13]. The semiconductors block the entire DC voltage in this configuration, but the 
load current is shared. In addition, a plethora of combinational designs have emerged, some of which include 
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the cascaded arrangement of fundamental topologies [17]-[19]. Due to the increasing effect of the level count, 
these designs could achieve a higher power quality than the fundamental topologies depending on the quantity 
of semiconductor switches. Some new designs were also proposed in [20]-[25] to reduce the number of discrete 
DC sources for high-voltage, high-power applications. 

Unfortunately, multilevel inverters have some flaws. The requirement for a significant number of 
power switches is one peculiar difficulty. A multilevel converter still needs the associated gate driver and 
protection circuitry for each switch even when low-voltage rate switches are employed. As a result, the 
converter becomes more expensive and sophisticated. An effort was made to offer an innovative multilevel 
inverter topology that reduced the number of power switches and DC voltage sources in comparison to standard 
multilevel inverters [26]-[30]. These inverters required a large number of bidirectional switches to produce the 
output voltage with constant step levels. 

After examining the drawbacks of the current arrangements, this study suggests a unique configuration 
for multilevel inverters with a large number of step levels associated with a small number of power switches. 
The newly proposed topology is comprised of four direct current sources, twelve switches, and twelve driving 
circuits. The suggested selective harmonic elimination (SHE) technique [19], [31], [32] is effective in 
eliminating the lowest order harmonics and producing a higher quality sinewave output waveform with an 
enhanced harmonic profile. 


2. MULTILEVEL INVERTER 

The MLI is a type of inverter circuit that raises the competence of the inverter setup, reduces the total 
harmonic distortion (THD) value of the inverter design, and reduces losses. The development of multilevel 
inverter technology began with the need to reduce the harmonic content present at the inverter output. As a 
result, it was practically carried out to meet the criteria of recognizing the inverters aimed at high voltage DC 
buses. However, either the switching devices were overly stressed or there was a lack of suitable voltage ratings 
to accommodate high voltage and high power inverters. Stress on switching devices could be justifiably 
decreased by incorporating cutting-edge technology into multilevel architectures. As a result, a high DC 
voltage level can be handled without the need for large, lossless step-up/down transformers [33]. By arranging 
the power semiconductor devices and the number of voltage sources, multilevel inverters can provide output 
voltages with multiple levels in the waveforms. The proposed work offers a new single-phase cascaded 
asymmetrical DC voltage sources based multilevel inverter design that may achieve a greater number of output 
levels while utilizing fewer switches, driver circuits, and DC voltage sources. 


3. TWENTY-ONE LEVEL INVERTER PROPOSED 

In recent years, electrical engineering experts have been very careful in constructing MLIs to obtain 
highly graded and reliable power for a variety of industrial applications. This paper explores a MLI based on a 
single-phase cascaded asymmetrical switched DC voltage source. A revolutionary multilevel inverter with the 
fewest switches is recommended here, and the output voltage level is enhanced up to 21 levels with low THD. 
Because we use fewer switches, the switching losses are also reduced. For a 21-level inverter, the recommended 
cascaded asymmetrical DC source-based multilevel inverter configuration has 12 power switches and 4 
independent DC sources. The output voltage is divided into two components. The level creation portion on the 
left side is responsible for producing levels in both positive and negative polarities. The polarity production 
section on the right side is responsible for producing the polarity (+ or -) of the generated output voltage. The 
suggested innovative inverter connects the left and right portions to produce a multilevel output voltage 
waveform. The main goal of the proposed ACMLI configuration is to reduce electromagnetic interference, 
lower THD with the SHE method, and reduce switches compared to typical MLI. A classic one-phase 21-level 
inverter has forty switches, whereas the newly recommended method has only 12 switches that work on the 
same basis. The asymmetrical (4 separate DC voltage sources) cascaded H- bridge inverter is utilized here to 
achieve larger output levels. The PIC16F877A microcontroller is used to produce switch gate pulses. The SHE 
approach is employed in this proposed strategy to eliminate lower order harmonics while also increasing the 
efficiency of the MLI. 


3.1. Operation of the topology proposed 

Figure 1 depicts the proposed one-phase asymmetrical cascaded 21-level inverter topology. This 
inverter topology achieves 21 levels (0, +10, -10 levels) of output voltage as a stepped waveform. For achieving 
different voltage levels, the different switching states (i.e., ON, OFF states) of different switches are computed 
as shown in Table 1. 
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Figure 1. The 21-level single-phase asymmetrical cascade inverter that is being proposed 


Table 1. Triggering states of proposed scheme 


Output Triggering states Output 
voltage level voltage 
Si S2 S3 Sa Ss So S; Ss So Sio Su Si 
+10 ON OFF ON OFF ON OFF ON OFF ON ON OFF OFF +100 
+9 OFF ON ON OFF ON OFF ON OFF ON ON OFF OFF +90 
+8 ON OFF OFF ON ON OFF ON - OFF ON ON OFF OFF +80 
+7 OFF ON OFF ON ON OFF ON OFF ON ON OFF OFF +70 
+6 ON OFF ON OFF ON OFF OFF OFF ON ON_ OFF OFF +60 
+5 ON OFF OFF ON OFF ON ON OFF ON ON OFF OFF +50 
+4 OFF ON OFF ON OFF ON ON OFF ON ON_ OFF OFF +40 
+3 ON OFF ON OFF OFF ON OFF ON ON ON OFF OFF +30 
+2 OFF ON ON OFF OFF ON OFF ON ON ON OFF OFF +20 
+1 ON OFF OFF ON OFF ON OFF ON ON ON OFF OFF +10 
0 OFF ON OFF ON OFF ON OFF ON ON ON OFF OFF 0 
-1 ON OFF OFF ON OFF ON OFF ON OFF OFF ON - ON -10 
-2 OFF ON ON OFF OFF ON OFF ON OFF OFF ON - ON -20 
-3 ON OFF ON OFF OFF ON OFF ON OFF OFF ON - ON -30 
-4 OFF ON OFF ON OFF ON ON OFF OFF OFF ON - ON -40 
-5 ON OFF OFF ON OFF ON ON’ OFF OFF OFF ON - ON -50 
-6 ON OFF ON OFF ON OFF OFF OFF OFF OFF ON ON -60 
-7 OFF ON OFF ON ON OFF ON’ OFF OFF OFF ON - ON -70 
-8 ON OFF OFF ON ON OFF ON’ OFF OFF OFF ON - ON -80 
-9 OFF ON ON OFF ON OFF ON OFF OFF OFF ON ON -90 
-10 ON OFF ON OFF ON OFF ON __OFF _ OFF OFF ON ON -100 


The standard method's output voltage levels are determined by: m = 2Ns + 1, where m represents the 
output voltage levels and Ns represents the individual inverter legs. The number of switches (1) required to 
complete m levels is known by: | = 2(m-1) for the execution of 21-level CMLI, and hence the total number of 
switches required in the usual technique is 40. The proposed design for a 21-level inverter shown here includes 
12 switches and four separate DC sources. As an example, an old one-phase, 21-level inverter has 40 switches, 
whereas the newly proposed architecture has only 12 switches with the same logic. There are fewer gate driver 
circuits because there are fewer switches. As a result, the suggested design uses fewer components and less 
THD to convert the DC voltage to stepped wave AC. 


3.2. Operation of the 21 level inverter hardware set up 

A basic block diagram, which is shown in Figure 2, is used to show the hardware setup of the 
21-level inverter. It consists of a power supply circuit, a main inverter circuit, a 12 V power supply, a control 
circuit, a driver circuit, and a load. The four asymmetrical DC voltages are connected at the inverter circuit's 
input. Using a regulated power supply, the four asymmetrical voltages (5 V, 10 V, 15 V, and 20 V DC) are 
extracted. A 230/12 V stepdown transformer converts the single- phase 230 V AC supply power to 12 V AC 
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voltage. A diode rectifier converts 12 V AC electricity to 12 V DC. The regulator IC 7805 achieves the 5 V 
controlled DC voltage. This 5 V DC power feeds into the control circuit, where the peripheral interface 
controller (PIC) microcontroller IC PIC16F877A generates switching signals using the selective harmonic 
elimination (SHE) approach. The driving circuit receives these triggering signals. A 230/12 V stepdown 


transformer converts the single phase 230 V AC supply power to 12 V AC voltage. A diode rectifier converts 
12 V AC electricity to 12 V DC. The regulator IC 7805 achieves the 5 V controlled DC voltage. 


DC voltage source (RPS) —$—-y» 21 level Inverters Circuit ——; 


12 V Power Supply _  Circui 
5 V Power Supply _—— 


Driver Circuit 
Figure 2. Block diagram of the proposed 21-level inverter 


Li 


Control Circuit PIC16F877A 


The primary multilevel inverter circuit's MOSFETs are turned ON and OFF in response to the 
triggering pulses received from the driver circuit, allowing the desired multilevel output to be achieved. A 
single-phase cascaded asymmetrical switched DC voltage source- based MLI is constructed with 8 MOSFETs 
and a 10 level DC voltage output. The main circuit also includes an H- bridge with four more MOSFETs, and 
its output is a 21-level AC output voltage because the H- bridge works as a polarity shifter, causing the voltage 
level to be positive (+) or negative (-). As a result, we receive the main inverter circuit's 21-level AC output 
voltage. The load receives the resulting 21-level AC output voltage. The 750 Q rheostat is employed as the 
load in this case. 


4. RESULT ANALYSIS 

In MATLAB/Simulink, the circuit for a 21-level inverter is simulated and its outputs (such as load 
voltage and current) are acquired. There are just 12 switches and 4 DC sources employed in this innovative 
method. With just four DC sources, the output voltage level is higher when asymmetrical DC sources are used. 
The circuit solves its complexity by avoiding the use of capacitors and diodes. Because the SHE approach is 
employed, the THD% is decreased because the lower order harmonics are significantly reduced. Thus, we are 
able to achieve our goal of designing a unique inverter with fewer components and lower THD. The simulation 
circuit, the gate pulses that must be given to the MOSFETs, and the output voltage and current for the R load 
are all displayed in the following section. The outputs obtained through simulation are additionally validated 
using a hardware implementation. 


4.1. Simulation results 

The circuit used to mimic the suggested inverter, gating pulses, and output voltage and current are 
shown in Figures 3, 4, 5, and 6. The SHE technique is used to generate the gate pulses for the eight MOSFETs. 
In the H-bridge (polarity generator), two MOSFET switches from separate arms (S9, S10 or S11, S12) can 
operate simultaneously. The MATLAB subsystem contains the digital switching sequences. The output voltage 
and current are in phase since the circuit is simulated for an R load. The output voltage obtained is 100 V and 
current is | A. The suggested 21-level inverter's THD, shown in Figure 7, is 12.64%. 


4.2. Hardware results 

The experimental setup depicted in Figure 8 validates the output at level 21 of the suggested level 21 
inverter. DC voltage sources are in the ratio 1:2:3:4 (i.e) with 5 V, 10 V, 15 V, and 20 V, correspondingly. The 
regulated power supplies are used here as DC sources. The switching pulses generated by SHE technique and 
the 21-level output voltage waveform in CRO are shown in Figure 9. A 750 © rheostat is connected as a 
resistive load. 
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Figure 5. The unique output voltage and current of 21-level inverter at 21 levels 
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Figure 6. The output voltage and current of a unique 21-level inverter displayed in a single scope 
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Figure 7. THD of the suggested 21 level inverters 


Figure 8. Experimental hardware setup of the Figure 9. Gate pulses and the 21-level output 
projected 21 level inverters voltage of the experimental setup 


4.3. Hardware specifications 

The hardware components used for building the 21 level inverter is given in Table 2. The experimental 
setup's affordability and simplicity are demonstrated by the provided specifications. The following parts are 
primarily needed for the main circuit, control circuit, and driver circuit of the suggested 21-level inverter. 


Table 2. Components specifications 


S.No Component Specifications 
1 MOSFET IRF 540 N 
2 Diode IN4007 
3 Opto-coupler 6N137 
4 Transformer 230/12 V, Step down 
5 Capacitor 25 V, 1000 pF 
6 Voltage regulator 7812, 7805 
7 PIC Microcontroller PIC16F877A 
8 Crystal Oscillator KDS 20.000 MHz 


5. CONCLUSION 

A novel MLI topology with a 21-level output voltage is displayed in this document. To provide the 
high- level voltage output, an asymmetric DC source configuration was used. The configuration used in this 
paper is made to allow the suggested architecture to produce a full cycle of AC voltage with both negative and 
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positive half cycles. The conventional polarity changer circuit is thus no longer necessary. In addition, 
switching losses have decreased due to the reduction from 40 to 12 switches, which lowers the cost of the 
devices. Additionally, there are a lot less DC sources and gate driver circuits. Additionally, the SHE PWM 
strategy has made THD reduction effective. Harmonic analysis was performed using the software 
MATLAB/Simulink. The method was successfully put into practice, and the result was verified using the 
hardware setup. 
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